Introduction
Ascorbic acid (vitamin C) is a water-soluble vitamin needed for the growth and repair of tissues in all parts of the body. 1 The necessity of ascorbic acid for human health is firmly established. It is necessary to form collagen, an important protein used to make skin, scar tissue, tendons, ligaments, and blood vessels. Vitamin C is essential for the healing of wounds, and for the repair and maintenance of cartilage, bones, and teeth. Also, it is known for its reductive properties and for its use on a wide scale as an antioxidant agent in foods and drinks; it is important for therapeutic purposes and biological metabolism.
As an anti-oxidant, vitamin C plays an important role in protecting against heart disease, high cholesterol, high blood pressure, common cold, cancer, osteoarthritis, obesity and weight loss, cataracts, age-related macular degeneration, diabetes, Alzheimer's disease and other types of dementia. [2] [3] [4] [5] Recently, food and pharmaceutical industries, due to the need for nutritional assessment, have necessitated the development of a selective, simple and accurate method for the determination of ascorbic acid.
Several methods have been proposed for estimating ascorbic acid. It can be determined by expensive methods, such as solid-phase microextraction, 6 capillary electrophoresis, 7 chemiluminescence, 8 chromatographic approaches including gas chromatography, 9 and reversed phase, 10 ion-pairing HPLC protocols. 11 Electrochemical detection is also used for measuring ascorbic acid and derivatives in eluates. 12, 13 Over the past few years, considerable effort has been directed towards the development of chemical sensors with an optical transduction (optodes). Optical methods have always played the dominant role in various fields of analytical chemistry. Optodes for a variety of analytes have been used to qualitatively determine chemical and biochemical species. [14] [15] [16] [17] A chemical sensor is a device that transforms chemical information, ranging from the concentration of a specific sample component to total composition analysis, into an analytically useful signal.
In a conventional spectrophotometric analysis (homogeneous assay), one possibility to determine a chemical species (analyte) is the use of a spectrophotometric reagent (ionophore). In this case, the reagent interacts with the analyte through a chemical reaction, and consequently the spectral property of the reagent is modified. In another approach, the ionophore is immobilized in an analyte-permeable matrix (polymer membrane), and acts as a transducer (optical sensor method). Although both approaches seem to be similar from the point of some chemicals consumed, but by using a carefully-immobilized ionophore, one could obtain better selectivity and a lower detection limit in the sensor approach. In the optode technique, the experimental conditions are optimized in a manner that only the analyte could be selectively diffused toward the membrane surface to be extracted into the bulk of the membrane and interact with the ionophore. This could strongly enhance the selectivity 18 that sometimes could not be provided by using the conventional analysis. Moreover, the development of an optical sensor is of great interest because of their possible application in biotechnology, ecology and medicine. Optical sensors offer advantages with respect to cost, freedom from interference, reusability, safety and the possibility of remote sensing. Due to the reusability of optode membrane, there would be a significant reduction in consumption of reagents. In addition it may be possible to develop optical sensors for species that cannot be sensed in other ways.
Optical sensors are simple in design and handling, which often means cost advantages. Multiple analyses can be carried out with one single instrument, if appropriate sensors are available.
An optode was designed for an indirect determination of ascorbic acid by using neocuproine, which has been coated on transparent triacetylcellulose film as a membrane. The proposed method is based on the oxidation of ascorbic acid to dehydroascorbic acid with the Cu(II) and neocuproine reagent. The increase in the absorbance value of the optode at the maximum wavelength of 455 nm was related to the ascorbic acid concentration in aqueous samples. The sensitivity of the method was improved by using room-temperature ionic liquid, various analytes. 21, 22 Ionic liquids (ILs) are non-volatile, non-flammable and thermally stable solvents and are promising replacements for the traditional volatile organic solvents. ILs offer a highly solvating, yet non-coordinating medium in which a number of organic and inorganic solutes may be dissolved. The ILs have, in fact, been successfully used in many applications, including replacing traditional organic solvents in organic and inorganic syntheses, solvent extractions, liquid-liquid extractions, and electrochemical reactions as well as a medium to enhance the sensitivity of thermal-lens measurements. [23] [24] [25] [26] A new optical sensor was reported for the determination of cyanide ion and the application of ionic liquid, as a modifier, has been introduced for constructing optical sensors. 27 In this research, an optical sensor was reported to be as a rapid, routine and selective indirect spectrophotometric determination of ascorbic acid based on its reducing ability. Neocuproine (Nc) and
, as a room-temperature IL, were immobilized on a transparent triacetylcellulose film membrane. In the presence of ascorbic acid and Cu(II) ion, and as the result of a reduction of Cu(II) to Cu(I), a colored Cu(I)-Nc complex was formed, and the absorbance at 455 nm, which is linearly related to ascorbic acid concentration, was measured.
Experimental

Reagents
All reagents used were of analytical grade, and triply distilled water was used throughout. A stock solution of 0.10 mol L 
Membrane preparation
The following procedure, for the preparation of a sensor membrane, was performed in order to immobilize neocuproine on triacetylcellulose film.
For this purpose, transparent triacetylcellulose films were produced from waste photographic films that had been previously treated with commercial sodium hypochlorite in order to remove colored gelatinous layers. The films were treated for 1 h with a solution of 0.02 g neocuproine and 10.0 μL ionic liquid, [C8MIM][PF6], in 10.0 mL ethanol at ambient temperature. They were washed with water for removing ethanol and the untreated reagent afterward. The optode membranes were kept under water when not in use.
Recommended procedure
The constructed membrane was mounted vertically into the spectrophotometer cell, already filled with 2.0 mL of 5.0 × 10 -2 mol L -1 Cu(II) at pH 3.0. Then, 100 μL of a sample containing ascorbic acid was injected into the cell. The absorbance was measured at a fixed wavelength of 455 nm while a blank membrane, without any ionophore, was mounted into another spectrophotometer cell, already filled with 2.0 mL of 5.0 × 10 -2 mol L -1 Cu(II) at pH 3.0. For obtaining reproducible responses, the size and geometry of the membranes (i.e. both sample and blank) were controlled while they were kept fixed in the cuvette. It should be mentioned that the used films were disposable.
Apparatus
UV-Visible spectra were obtained with a UV/Visible spectrophotometer, equipped with a 1-cm cell, Model Pharmacia Ultraspec 4000, connected to a personal computer.
A measurement of the pH of the solutions was performed using a Metrohm 780 pH meter with a combined glass electrode.
Results and Discussion
In order to improve the analytical merits, such as selectivity, reproducibility and detection limit in optode methods, the surface of the optode membrane could be modified. Ionic liquids have been reported to be a good selection for this purpose since they act as mediators for the selective extraction of an analyte into the bulk of the optode membrane. It is reported that the viscosity, water-solubility and charge density of the ionic liquids are important factors that must be considered for the selection an IL as a modifier. 27 Moreover, the ionic character and the liquid status of ILs at room temperature provides fast diffusion of analytes within the bulk of the membrane which could shorten the response time of the optode. Furthermore, the IL-modified membrane has a long shelf life because of the zero vapor pressure and chemical stability of IL. Comparing to solid materials, IL could homogeneously spread over the surface of the membrane, which consequently could enhance the reproducibility and the detection limit.
Spectral characteristics of the optode
Ascorbic acid (AA) is an unsaturated lactone that is a strong reducing agent, and is oxidized to dehydroascorbic acid (DHA) according to the following half reaction:
Most spectrophotometric methods for the determination of AA are based on its redox reactions. In the proposed method, AA was oxidized to DHA with Cu(II), which had produced quantitative amounts of Cu(I). The amount of AA was determined according to the complex reaction between Cu(I) and immobilized neocuproine (Nc), along with IL as a modifier, on the triacetylcellulose film. The temperature and pH were of important factors, which were optimized for obtaining good analytical results.
The copper(I)-neocuproine chelate, Cu(I)-Nc, the visible spectrum of which is given in Fig. 1 , was formed immediately after the reduction of 2.0 ml of 5.0 × 10 -2 mol L -1 Cu(II) in the presence of 0.02 g neocuproine by adding 100 μL of 0.10 M AA (i.e. with a final concentration of 4.8 × 10 -3 mol L -1 in the cell) at pH 3.0 and 25 C. The spectrum of Cu(I)-Nc showed a λmax of 455 nm when immobilized on a triacetylcellulose film. It should be mentioned that different possible blanks have been used for measuring the signal, but no significant differences were observed for probing the analytical signal. Thus an uncoated triacetylcellulose film in a spectrophotometric cell containing 5.0 × 10 -2 mol L -1 Cu(II) was used as the reference cell.
Effect of pH on the membrane optode response
The complexation reaction of neocuproine with copper ion is affected by the pH of the aqueous solution. The effect of the pH of the sample solution on the membrane response was studied over the pH range of 2.0 -6.0. The value of the pH was adjusted by the addition of NaOH (1.0 mol L -1 ) and HCl (1.0 mol L -1 ) into the sample solution. Figure 2 shows the effect of the pH on the response of the optode membrane. The absorbance measurements were made for 4.8 × 10 -3 mol L -1 AA at different pH values at 455 nm. As can be seen in this figure, absorbance increased by pH up to a pH value of 3.0, after which a decrease in absorbance was observed. The experiment could not be run at pH values of more than 6.0, since the hydrolysis of copper ion in aqueous solutions results in the formation of different hydroxyl complexes of copper ion. The decrease in the absorbance at pH > 3.0 could be due to the instability of AA. 29 At pH values of less than 3.0, the decrease in the absorbance could be due to a decrease in the reduction potential of the DHA/AA redox couple, as well as the protonation of neocuproine. 30 Thus, a pH value of 3.0 was chosen for further studies, and was adjusted by using potassium hydrogen phthalate (KHP) as the buffer solution.
The effect of the concentration of the buffer on the response of the sensor was investigated. Absorbance measurements were made for 4.8 × 10 -3 mol L -1 AA at different concentrations of KHP at 455 nm. The results show that an increase in the KHP concentration (studied in the range of 0.001 -0.05 mol L -1 ) had no effect on the absorbance value. Thus, 0.03 mol L -1 KHP was selected for further studies. It should be mentioned that a decrease in the absorbance was observed at high concentrations of phthalate, i.e. in more than 0.05 mol L -1 . This observation could be explained by this fact that phthalate can complexes the Cu(II) ion, which causes a shift in the position of the complex formation equilibrium between Cu(I) and Nc due to "mass action effect". Therefore, less free Cu(II) ions would be available at a high phthalate concentration to be reduced by AA, and in turn the absorbance is lowered due to less formation of Cu(I)-Nc complex.
Effect of ILs as a modifier on the membrane optode response
To improve the sensitivity of the constructed optode, different membranes were prepared by using different ILs as the modifier. To compare the sensitivities (defined as the slopes of the calibration graphs), the mathematical equations of the linear portions of the calibration graphs, Fig. 3 , were determined to find their corresponding slopes. Based on the results shown in this figure, we decided to work with a membrane modified by an IL because an improvement in the sensitivity was achieved by a factor of 1.42. This ratio of the slopes of the calibration curves obtained for a modified (64 L mol -1 ) and unmodified (45 L mol -1 ) optode is as shown in Fig. 3 31 shows that due to the electrostatic nature of IL, it is possible that IL constituents have electrostatic interactions with triacetylcellulose molecules, while the imidazolium ring has close contact with triacetylcellulose by Vander Waals interactions. It is reported that both viscosity and water-solubility of the ILs are important factors that must be considered for the selection an IL as a modifier. 27 An IL with high viscosity decreases the analyte permeation into the bulk of the membrane, and the one with a high water-solubility property decreases the membrane stability. On the other hand, the higher charge density on the cationic constituent of the IL could decrease the diffusion of copper ion into the bulk of the membrane. Based on the above mentioned parameters, [C4MIM]Br showed no significant effect on the sensitivity of the membrane, concluding that the water-immiscibility of an IL has an important role for improving the sensitivity of the membrane. Among the ILs that were used in this study, 32 This shows that the charge density of the IL could affect more significantly than its viscosity on improving the sensitivity of the proposed membrane.
Effect of the amount of neocuproine on the membrane optode response
In relation to the kind of interactions that take place between triacetylcellulose and neocuproine, it should be noted that based on a report by Kostov et al., 33 only a reagent with amino groups could be linked chemically with triacetylcellulose, so the physical and/or electrostatic interaction, considering ILs as the modifier, takes place between the triacetylcellulose and protonated neocuproine.
The effect of the amount of neocuproine on the response of the membrane is illustrated in Figs. 4 and 5 . The absorbance measurements were made for 4.8 × 10 -3 mol L -1 AA for membranes with different amounts of neocuproine at 455 nm. As can be seen from Fig. 4 , an increase in the amount of neocuproine resulted in an increase in the absorbance. However, higher amounts of neocuproine (more than 0.02 g) were not suitable due to the long time, as shown in Fig. 5 , that is needed for a complete complexation reaction between neocuproine and copper ion.
Safavi et al., 34 in designing an optical sensor for indirect determination of isoniazid, reported a similar observation that by increasing the amount of ionophore, both the response time and the sensitivity increased. In another paper, about the theoretical aspects of bulk optode, Seiler et al. 30 describe that the extraction process, when a neutral ionophore is involved, is combined with the exchange of a proton in order to maintain electroneutrality within the polymer membrane. Based on both reports, it is concluded that in the proposed optode, the rate of diffusion of Cu(I) must be affected by the rate of diffusion of the proton bonded to Nc in the bulk of the membrane. The lower diffusion rate of the proton provides a lower diffusion rate for copper, and consequently the response time increases. By increasing the amount of Nc, the bulk of the membrane becomes more condensed and thick, so that the rate of diffusion of protons (that must be replaced by copper) within the membrane and finally toward the bulk of the solution decreases. The situation is also the same for the diffusion of copper within the bulk of the overloaded membrane. In brief, as the amount of neocuproine in the membrane increases, the diffusion rate of copper that replaces protons, due to decreases in the diffusion rate of the proton, is decreased, and consequently the response time increases. Based on the results of the above-mentioned studies, the membrane obtained with 0.02 g neocuproine in 10.0 mL ethanol was used as the membrane with optimized composition.
It should be mentioned that the treatment period of the membrane in neocuproine/ethanol solution (0.02 g Nc in 10.0 mL ethanol) was also investigated. The results indicated that the sensitivity increased with the treatment time up to a period of 1.0 h, after which no significant change was observed for the value of the measured absorbance. Thus, the optode was prepared by treating a transparent triacetylcellulose membrane with a solution of 0.02 g neocuproine in 10.0 mL ethanol for 1 h.
Effect of concentration of Cu(II) solution on the response of the sensor
The 
Response time
The response time of the optode is controlled by the time required for the analyte to diffuse from the bulk of the solution toward the membrane/solution interface to associate with the ligand. The membrane response was found to reach 90% of the total signal in about 6 -8 min for a concentration of 4.8 × 10 -3 mol L -1 AA. Figure 6 shows the response curve of the membrane as a function of time in the presence of 4.8 × 10 -3 mol L -1 AA at 455 nm.
Stability and lifetime of the optical sensor
The absorbance signal at 455 nm for the sensing membrane in contact with a 4.8 × 10 -3 mol L -1 AA solution was recorded over a period of 5.0 h. During this period, no drift in signal occurred, and optode was stable over the experiment duration with no evidence of leakage of the ionophore. The membrane was also stable over a period of two months when not in use (membrane was kept in water) and the signal value of the membrane did not change significantly, according to its reproducibility character. and A refers to the absorbance value.
Calibration curves and detection limit
The detection limit of the sensor membrane, which is defined as the concentration of the sample yielding a signal equal to the blank signal plus three-times the standard deviation of blank divided by the slope of the calibration curve, was found to be 2.2 × 10 -5 mol L -1 .
Reproducibility of the optode
Calibration curves for five similarly constructed sensors with optimized compositions were measured at the optimum experimental conditions. A standard deviation of 4.6% was obtained for the slope of the response vs. AA concentration.
Effect of foreign ions
To determine the selectivity of the optode membrane, the membrane was tested for the determination of 5.0 × 10 -4 mol L , as well as some organic acids, such as folic acid, citric acid, boric acid, tartaric acid, arginine, succinic acid, acetyl sallicylic acid, benzoic acid, riboflavine and lucin. The tolerance limit was taken as the concentration causing an error of less than 4.6% in the analytical signal for the determination of AA. At an applied pH value of 3.0, no interference was observed from even 100-fold excess of the above mentioned metal ions or organic acids in binary mixtures.
Generally, an ionophore response in a conventional spectrophotometric method (homogeneous assay), may show a better sensitivity, but it may suffer from poor selectivity in contrast to an optode membrane approach in which an immobilized ionophore is used. The kinetic of the complex formation process between ionophore and any metal ion could be a good explanation for showing superiority of the immobilized ionophore over the free one (i.e. in solution) from a selectivity point of view. In solution, the rate of complexation processes of the analyte and any interfering compound with a free ionophore more or less are in the same order of magnitude. By immobilizing the ionophore, a differentiation develops between the rates of the above-mentioned processes. This could be due to the rate-limiting processes, which are diffusion of the analyte toward/within the membrane followed by the complexation reaction. The result of this kinetic differentiation is selectivity improvement in an analysis in which the optode membranes are involved. This statement is also supported by literature that the limiting step of optode membranes, incorporating immobilized ionophore, are governed by the diffusion of the analyte in the membrane. 35 
Determination of AA in orange juice
The optode was successfully used in the determination of AA in orange juice. The AA content was measured using the optode and also by HPLC with the standard addition method. The analysis by sensors was repeated under identical conditions were obtained to assess the reliability of the results. As can be seen in Table 1 , the results obtained by the proposed sensor are in agreement with those obtained by HPLC. 
Conclusion
This work describes a new optical chemical sensor for the determination of AA. The sensing membrane is easily prepared and operated. The response of the optode is reproducible. The purposed sensor was prepared easily by using low-cost materials in a short time. In addition, the method was based on measuring the optode absorption by UV-Vis spectrophotometry which has the advantage of determinations by an inexpensive instrument in a relatively short period of time. Compared to a conventional methodology for the spectrophotometric determination of AA using a Cu(II)-neocuproine reagent in beverages and pharmaceuticals, 36 the constructed optical sensor provides higher selectivity. The proposed method could be widely applied to the determination of AA in real samples, such as drinking juices. 
